P a r t i c l e b o m bardment is a useful method for molecular biologists allowing direct gene transfer to a broad range of cell and tissue types. Thistechnique involves accelerating DNA-coated par-ticles (microprojectiles) directly into cells. The basic system that has been widely adopted uses a macrocarrier to carry the microprjedles a mechanism for accelerating the macrocarrier and a means of stopping the macrocarrier (3).
I n t h e f i r s t s y s t e m s d e s cribed the macrocarrier is accelerated by a gun powder discharge (4) . ln other systems the macrocarrier is accelerated by shock waves created by sudden release of compressed air (8) nitrogen (10) or helium(9). Christou et a1. have designed a device that uses an electric discharge through a drop of water (2) . Although the electric discharge device is very simple it needs a highvoltage power supply (25kv )and a high voltage capacitor.
W e h a v e l o w e r e d t h e v o l t a g e b y d ischarging through a metal wire. The new Particle accelerator we developed is schematically illustrated in Figure1. The motive force is generated in a spark discharge chamber containing a discharge electrode. A capacitor is discharged through the discharge electrode which vaporizes instantly creating a shock wave. A cafrier sheet on which the DNA-coated particles are precipitated is inverted and weakly pasted to the opening side of the discharge chamber with glycerol. The function of the carrier sheet is to transfer the force of the shockwave from the spark discharge into acceleration of the DNA-coated particles. Located below the carrer sheet is a 100-mesh stainless steel screen that retains the carrier sheet, allowing the accelerated DNA-coated p a r ticles to continue through the screen and into target tissue.
C o r o n a l s lices of 300 m thickness were cut from rat cortex and placed on 0.4-m pore 30-mm culture late inserts (Millipore Bedford MA USA) that were placed in 35-mm culture plates. Each plate contained l mL of conditioned medium. The slices were incubated at 37 in 5 C02 atmosphere.
T h e c u l t u r e d s lices were transfected with a plasmid pCAGGS-laZ carrying a fusion gene consisting of the human cytomegalovirus (CMV) immediateearly gene enhancer chicken -actin promoter and an pCAGGS-lacZ reporter gene(7). The DNA was loaded onto 1.6-μ m gold beads using a standard protocol (1,5,6): for each routine preparation (2-6 transfections), 5 g of plasmid DNA 50 L of 2.5 M CaCl2 and 10μ L of 1 M spermidine free base were added to 50 μ L of gold partides (30 mg/mL in water and incubated for 20 min with occasional mixing after which the particles were c o llected by brief centrifugation washed with 70 ethanol and resuspended in 80 L of absolute ethanol. Then 10 L of the gold suspension were applied to the center of the carrier sheet and the ethanol was allowed to evaporate.
A f t e r t r a n s f e c t i on the slices were returned to the incubator for 24 h and then fixed and stained for checking the activity of the exogenous -galactosidase.
T h e s lices were fixed for 30 min in 0.5 glutaraldehyde washed three times in phosphate buffered saline (PBS) and incubated overnight in a solution containing 20 mM K 3 F e ( C N)6, 20mM K4Fe(CN)6 1 mg/mL 5-bromo-4-chloro-3-indolyl-β -D -thiogalactopyranoside (X-gal) and l mM MgC12.
T o a pply molecular approaches to complex tissues such as the central nervous system, a rapid and emcient assay system for gene expression is essential. Conventional transfection techniques have been of limited effectiveness in intact neural tissues. viral vectors effectively transfect neurons both in vivo and in vitro but are ]abor-intensive to construct. The methodology that combines parlicle-bombardment transfection procedures and organotypic slice culture techniques might be a promising approach (1,5,6). Therefore we focused on applying our biolistic device to neural tissues.
T he dimensions of the apparatus and the intensity of the electric discharge have to be adjusted for each target tissue type. For rat cerebral cortex slices we use the following values. The internal dimension of the discharge chamber is l3 mm in diameter and 15 mm in depth. The discharge electrode is a 2 mm wide 35-m thick and 10-mm long copper wire. A 200-V 12000-F capacitor is used. The carrier sheet is a 20-mm square 50-m thick polyimide film.The screen locates 10 mm below the chamber. The target tissue locates 10 mm below the screen.
A n example of the results of trans fection experiments is shown in Figure2. Cells that express -galactosidase Figure 1 . A schematic illustration of the low-voltage electric discharge biolistic device. The motive force is generated in a spark discharge chamber containjng a discharge electrode. A capacitor is discharged through the discharge electrode which vaporizes instantly creating a shock wave and accelerates a carrjer sheet on which the DNA-coated particles arc prccipitatcd.
are stained blue. The number of cells transfected in the slice illustrates the level oftransfection achieved by biolistics. Cell body and horizontally and/or vertically running long processes of each cell were clearly observed. When the slice was placed on the membrane several dissociated cells were also placed on the membrane. Some of these dissociated cells were stained blue. This demonstrates that our biolistic device also works for dissociated cells. P a r t i c l e b o m bardment is used to transfect a broad range of cell and tissue types including plant meristems insect embryos fish embryos bacteria fungi animal tissue slices and animal tissue cultured cells. ln trying our bio1istic device on these applications the following adjustments or trade-offs should be considered. The diameter of the dischafge chamber and the distance between the screen and the tafget tissue should be designed to cover the size of the target tissue.
The diameter of the particles should be much smaller than the size of the target cells to avoid cell damage.Thedensity of the pa rt i cl es on the target should be high enough that many cells receive particles but low enough to avoid the situation where multiple particles converge to the same target cell and cause cell damage.
T h e velocity of the partides should be adjusted so that the partides penetrate the tissue surface and stop in the tissue. velocity of the partides may be a complicated function of the dimension of the discharge chamber, distance to the target and the electric discharge power, and is dfficult to estimate theoretically. lt is practica to adjust the velocity empirically by varying the electric discharge power. The electric discharge power is proportional to the product of the capacity of the capacitor and the square of the applied voltage. Electric discharge power is easily and continuously contfolled by changing the capacity of the capacitor and/or the aplied voltage. The ease of the power control will be an advantage of the electric-discharge particle accelerator.
F i g u r e 2 . N e u r o ns and glia transfected by biolistics and visualized by x-gal staining. Coronal slices (300μ m) cut from rat cortex at postnatal day 3 were grown for 4 days and then tfansfected with the lacZ fusion gene driven by cytomegalovirus enhancer and chicken -actin gene promotor loaded onto l.6-Ftm diameter gold pafticles and incubated for 24h before fixation and staining withx-gal. Positiv ecells are blue. The number of cells transfected in this slice illustrates the level of transfection achieved by biolistics. Some of the dissociated cells indicated by red arrowheads around t he slice are also transformed by biolistics.
